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S Abstract 

■^ The recent excess observed by CDF in S^ — t- h^jj-'^ is interpreted in terms of a possible su- 
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persymmetric origin. An analysis is given of the parameter space of mSUGRA and non-universal 



SUGRA models under the combined constraints from LHC-7 with 165 pb ^ of integrated luminos- 

r^ ity, under the new XENON- 100 limits on the neutralino- proton spin independent cross section and 

Oh 
Js under the CDF B^ — t- /i^/x 90% C.L. limit reported to arise from an excess number of dimuon 

(D 4-- 

r~| events. It is found that the predicted value of the branching ratio B^ — )■ /U /U consistent with all 



the constraints contains the following set of NLSPs: chargino, stau, stop or CP odd (even) Higgs. 

The lower bounds of sparticles, including those from the LHC, XENON and CDF B'^ — t- fJ-^fJ-~ 

constraint, are exhibited and the shift in the allowed range of sparticle masses arising solely due 

to the extra constraint from the CDF result is given. It is pointed out that the two sided CDF 

90% C.L. limit puts upper bounds on sparticle masses. An analysis of possible signatures for early 

. . discovery at the LHC is carried out corresponding to the signal region in B^ — )■ fJ,^fi~ ■ Implications 

> 
*k> of GUT-scale non-universalities in the gaugino and Higgs sectors are discussed. If the excess seen 

j^ by the CDF Collaboration is supported by further data from LHCb or DO, this new result could 

be a harbinger for the discovery of supersymmetry. 



I. INTRODUCTION 

Recently the CDF collaboration has reported an excess in the rare decay B^ — )■ yU+yU" pQ 
using 7 fb~^ of integrated luminosity. Thus CDF Collaboration gives a determination 

fir(S° ^ /iV") = (1.8+^i) X 10-« (1) 

while the standard model gives Br{B^ — t- fj^^fi^) to be (3.2 ±0.2) x 10~^ [2]. Supersymmetry 
proves to be a prime candidate for explaining this excess. The SUSY contribution arises 
dominantly from the Higgs exchange (see Fig.(|I])) and this diagram enhances 5° — )■ n^n~ 
for large tan /3 which is proportional to tan^ /3 [3 - 7J . B^ — )■ fj^'^fi" is also very sensitive to CP 
violations in the soft sector [H |9] , where it is seen that the effect of CP phases can modify 
the branching ratio by an order of magnitude or more. 



FIG. 1: Example of a diagram giving rise to supersymmetric contributions to the process B^ — >■ 
fj.^fj-'^ producing a scattering amplitude proportional to tan'^ /3. 

In this work we analyze the implications of these results in the framework of supergravity, 
which in the minimal case, mSUGRA [TUl [TT] . consists of the parameter space 

mo, mi/2, Aq, tan/3,sgn/i, (2) 

where ttiq is the universal scalar mass, mi/2 is the universal gaugino mass, Aq is the universal 
trilinear coupling, tan /3 the ratio of the two Higgs VEVs of MSSM, and /i is the Higgs mixing 
parameter. The RG analysis of sparticle spectrum of the model was discussed in [T2] . 
Since the physics at the Planck scale is still largely unknown, inclusion of non-universalities 
in the soft parameters at the unification scale may be desirable. Such non-universalities 



must be consistent with flavor changing neutral currents (FCNC). Two sectors where non- 
universalities can be introduced consistent with FCNC are the gaugino mass sector and the 
Higgs mass sector. In this work we will first carry out an analysis within the framework of 
mSUGRA and later discuss these non-universal cases. 

It is known that the Br{Bg — > ^'^ ^~) limits have strong implications for a variety of 
SUSY phenomena. Thus the implication of the previous limits on Br{B^ -^ f^^fJ') re- 
garding the constraints on the CP odd Higgs [13], on the neutralino mass [14J and on the 
spin-independent neutralino-proton cross section [15J have been investigated. However, all 
the previous analyses used only the upper limit constraint on Br{B^ — )■ fi^fi^). Here we 
investigate the implications arising from the two sided limit on Br{B'^ — )■ n^n^). Specifically 
in the analysis of this work we will use the 90% C.L. limit 

4.6 X 10"^ < -Br(5° -^ i^+fi-) < 3.9 x 10~^ (3) 

The effective Hamiltonian governing the decay 5° — )■ fi~^fj^~ is given by [U [8] 

Heff = -^^^*^^*: (CsOs + CpOp + C'sO's + C'pO'p + CioOio)q • (4) 

Here O' s are the effective dimension six operators defined by 

Os = mb{sPRb){fifi), Op = mb{sPRb){fi-f5^), 
O's = ms{sPLb){fj.n), O'p = ms{sPLb){fi'y5n), 

Ow = {sYPLb){fij^j5f^), (5) 

where C's are the Wilson co-efficients and Q is the renormalization group scale. The branch- 
ing ratio Br{B^ — > jJi^jJi') is given by (see e.g., [8]) 

I-IT^ {(^-T7^]\fs? + \fp + ^m,U?\- (6) 
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Here /j (i=S,P) and /^ are given by 



i ( Cimb-C[m, \ _ ifs. 



2'^ V rris + mi, J ' ' 2M^^ 

where and fp^ is the decay constant of the 5° meson. In addition to the above there 
are SUSY QCD effects which have a tan/3 dependence [16]. The Wilson co-efficients are 



computed in a number of works (see, e.g., [U El [H]). An approximate result for Br{B^ — )■ 
;U+yU^) arising from supersymmetry, in the large tan/3 limit reads [H [T7] 



-Br(S° -> /i+/i-) ~ 3.5 X 10 
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(eo + eyVt) tan/3)2(l + eotan/3)2 

In the above, Vts is a CKM mixing matrix element and tb^ is the mean lifetime. Here one 
can see explicitly the large tan/3 enhancements, eo and ey are loop factors given by [17] 
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(1 -a;i)(xi -0:2) (1 -a;2)(x2 -xi) 

where x^^^ = mQ/m^,x'^^^ = rriQ/jj^, etc. are written in terms of the sbottom and stop 
masses for eo, ey respectively. Analysis is done without the above approximation, however 
generically it is a useful guide to the behavior of the B^ branching ratio at large tan /3. 

We will investigate the constraint of Eq.dsl) in conjunction with the Large Hadron Collider 
constraint at ^/s = 7 TeV (LHC-7) jT8] - [2T] as well as the constraint arising from dark matter 
direct detection experiments [221 [23], on the parameter space of the mSUGRA model and 
models with non-universal soft breaking, as well as on the sparticle masses in the framework 
of the sparticle landscape [21] . We will also investigate the potential for imminent discovery 
at LHC-7 of supersymmetric models, which produce a prediction for Br{B^ -^ A^^/U ) that 
can give rise to the CDF result. Implications of non- universalities on the soft parameters [25V - 
29] will also be discussed. 

The outline of the rest of the paper is as follows: In Sec. (II) we discuss the model space 
investigated in our survey and describe in detail the constraints imposed. Next, we discuss 
in a systematic manner the constraints on the remaining parameter space that arise from 
LHC-7, XENON-100, and the two-sided limit on Br{B^^ -^ yU+/i") from CDF. The region of 
the parameter space consistent with all constraints is then identified. The mass ranges on 
some of the lightest sparticles are given showing how these ranges are modified by applying 
the CDF constraint on Br{B^ — )■ ^'^ ^~). In Sec. (HI) we discuss LHC signatures for models 
that may produce the excess in the CDF signal region and lie within the discovery reach of 



LHC-7. In Sec. (IV) we discuss the implication of including the non-universalities [251 - I29] in 
the gaugino sector and in the Higgs sector. Conclusions are given in Sec.(V). 

II. ANALYSIS 

We will first carry out the analysis in the framework of mSUGRA and then extend 
the analysis to SUGRA models with non-universalities. We begin with a set of ~50,000,000 
mSUGRA and non-universal SUGRA models passing radiative breaking of electroweak sym- 
metry (REWSB). 

The general constraints applied immediately include limits on sparticle masses from 
LEP [30], on nh'^ from WMAP [3iJ, on ^f^ - 2 [32], and constraints on B-physics [33] 
from FCNC data (this also includes the previous limit ^1] on Br{B^ — t- fi^fi^)). Specif- 
ically, we impose 0.0896 < n^h^ < 0.1344, (-11.4 x 10"^°) < S{g^-2) < (9.4 x lO'^), 
(2.77 X 10"'') < Br{b-^ 57) < (4.37 x 10~^) (where this branching ratio has the NNLO 
correction [35]), Br [Bg — t- /U^/^^) < 4.3 x 10~®, and the sparticle mass limits rrih > 92.8 GeV, 
rrir, > 81.9 GeV, m^± > 103.5 GeV, m^^ > 95.7 GeV, m^^ > 89 GeV, mg^ > 107 GeV, 
m^^ > 94 GeV, and rrig > 308 GeV. The relic density and the indirect constraints were 
calculated using micrOMEGAs [4H], and the sparticle mass spectrum was calculated using 
SuSpect [36j. In addition to the above we will also apply the LIIC-7 and XENON-100 
constraints when considering the 90% C.L. CDF signal region as given in Eq.([3]), i.e., 
4.6 X 10-9 < -Br(fi° -^ fi+fi-) < 3.9 x 10"^ 

CMS and ATLAS have recently reported their first results for supersymmetry 
searches [T81420] based on 35 pb~^ of data. The implications of these results have been 
considered for the parameter space of SUGRA models in a number of works [37145U] . Here 
we will use the constraint arising from the 165 pb"^ of data from ATLAS. Similarly, the re- 
cent constraints from the CDMS [22] and XENON-100 [23] experiments have been analyzed 
also in a number of works [39] • In this work we will explore simultaneously the ATLAS 
165 pb~^ constraint, the constraint from XENON-100, as well as the new two-sided limit on 
Br(5° -^ f^^fi'), given in Eq.Q from CDF. 

After applying the general constraints described above (i.e., all constraints listed above 
other than XENON-100, LHC-7, and CDF), we give a survey of the mSUGRA parameter 
space in Fig. ([2]). Models excluded by XENON-100 are given in maroon; the LHC-7 constraint 
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FIG. 2: The mSUGRA parameter space in the rriQ and mi/2 plane allowing for Aq/ttiq range 
(—10,10) and tan/3 range (1,60) in the initial scan. The grey area is the region which satisfies 
all the previous experimental constraints prior to the new results from LHC-7, XENON-100 and 
the CDF i3r(S° -^ A^^^") result. Specifically it has only the i3r(S° -^ Ai+^") < 4.3 x 10"^. The 
red curve is the 95% C.L. ATLAS exclusion curve based on the lepton search over 165 pb~ of 
integrated luminosity. In maroon, we show the models excluded by the new XENON-100 results. 
Finally, we highlight in lime green the unconstrained mSUGRA models within the 90% C.L. CDF 
signal region as given in Eq.([3|), i.e., 4.6 x 10^^ < Br{B^ — )• fi^fj.^) < 3.9 x 10^^ and these models 
correspond to values of tan/3 E (28,58) and Aq E (—3.0, 3. 6)7710- Relic density consistent with 
WMAP, i.e., 0.0896 < fi^/i^ < 0.1344 is satisfied over the entire dotted region exhibited in the 
figure above. 

is readily visible as the models below the red 95% C.L. LHC-7 exclusion curve. We highlight 
(in lime green) the models which are not constrained by any previous experiment and produce 
a consistent value of i3r (5° —)■ /i+yU~) in the range 4.6x10"^ < Br{B'^ — )■ yU+/i") < 3.9x10"*. 
In contrast, models that satisfy the XENON-100 limit and other constraints but fall outside 
of the new CDF signal region are shown in dark grey. The models below the LHC-7 curve 
mostly have the fi as the NLSP. We remark on the large absence of models in the space 
that is presently constrained by LHC-7 [37J, where the absence of models below the LHC-7 
limits arises due to previous indirect experimental constraints (see the previous paragraph 
for these constraints). Models failing the XENON-100 limit mostly lie on the hyperbolic 
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FIG. 3: An exhibition of the spin independent neutrahno-proton cross-section against the neu- 
trahno mass. All models shown satisfy the general constraints discussed first in Sec. (II) (see fig.Q). 
Models in maroon are excluded by the XENON-100 limit. Models in red are excluded by the AT- 
LAS LHC-7 165 pb^ lepton search. In grey, we have the models satisfying both the LHC-7 and 
XENON-100, but outside the two-sided 90% C.L. CDF Br{B^^ -^ f^^f^') limit. Finally, in hme 
green we highlight the mSUGRA models passing all constraints and are within the new two sided 
bound on Br{B^ — )• /x+/i^) i.e. the signal region in the CDF data. 



branch/focus point (HB/FP) region [IQ] where TeV size scalars co-exist with a small /x. We 
note that mo up to 30 TeV, for trilinear of comparable size, can still be compatible with a 
sub- TeV n [H]. Generic models with large uiq would give a value of Br{B'^ — )■ fi^fi^) close 
to the SM prediction. 

We see that the combined constraints have a sweeping effect on the Higgs pole region (see 
Ref. 1 of [38]), where mo grows large along the low mi/2 limit. Here, the correct relic density 
is produced by neutralino annihilations via h^. And, the low masses of g and Xi give rise 
to potentially early discovery by XENON-100 and LHC-7. The XENON-100 results have 
already constrained a portion of this region, but it has left the very long strip seen in grey 
and green in Fig.(^. However, the new CDF Br(B^ — t- f^^fi~) limit leaves only a few TeV 
window in itiq in this region of signature space. 

In Fig.(|3| we give a similar analysis for the spin independent neutralino-proton cross- 
section vs the neutralino mass. The grey, maroon and lime green regions have the same 
meaning as in Fig. ([2]) except that here, we explicitly color the models constrained by LHC-7 
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FIG. 4: An exhibition of the ahowed parameter space of mSUGRA satisfying aU constraints 
including the LHC-7, XENON-100 producing a Br(B^ — t- /i+/x^) that can he within the CDF signal 
region. The models here are labeled by the NLSP. The left panel shows models with chargino and 
CP even or odd Higgs as NLSP. The right panel shows models with stau or stop as the NLSP. The 
stop NLSP models is depleted by the CDF result but can be seen in the upper right region of the 
right panel. 

in red. That is, in grey we have models not excluded by XENON-100 or LHC-7 but outside 
the CDF signal region, and in maroon we have models failing the XENON-100 limits, and 
we again highlight the models that fall within the two-sided CDF Br{B^ — )■ /i^/x~) limit in 
lime green. 

We now investigate the NLSPs allowed in the new CDF signal region (shown in lime 
green in the Fig.(|2]) and Fig. ([3]). Exhibited in Fig.Q, are the models passing all constraints, 
including LHC-7 as well as XENON-100, and within the CDF 90% C.L. two-sided limit on 
Br{Bg — )■ fi^^^). In an attempt to avoid illusion from significant overlapping of NLSP 
regions we present in the left panel the chargino and CP even or odd Higgs NLSP models, 
and in the right panel, we give the stau and stop NLSP models. The number of stop NLSP 
models is severely depleted by the new CDF Br{B^ — )■ fj^^fi^) limit, and can only be seen in 
the relatively high rriQ — 'mi/2 region. We can see from the left panel, the remainder of the 
Higgs pole region, as well as the HB/FP region. 

From our large pool of mSUGRA models passing REWSB, once all constraints have been 
applied, including the LHC-7 and XENON-100 limits, we have ~25k models in CDF signal 



8 



region. From this set, we discuss the range of masses remaining, in particular the scalar 
superpartners. We first note that our original set of models exhibited mass spectra close to 
the hmits in [30] (given above). The novelty of the two-sided CDF Br{B^ — )• fi~^fi~) result 
is that we should be able to observe upper bounds on sparticle masses, specifically scalar 
masses. This is because for large values of mo, mSUGRA models will give Br{B^ — )■ fj^~^fi~) in 
accordance with the standard model. We indeed find that the models in the CDF signal 
region do not contain a stop with mass greater that 3.2 TeV nor a stau with mass greater 
than 2.8 TeV, in sharp contrast to the largest masses from our original set. Also, we note 
that while [30] gives a lower limit for the stop mass at 95.7 GeV, the lowest stop mass that 
we observe in this region is 450 GeV. 

III. LHC SIGNATURES 

For the LHC-7 analysis, we use the simulated SM background of |12] which was generated 
with MadGraph 4.4 [H] for parton level processes, Pythia 6.4 [45J for hadronization and 
PGS-4 [l6] for detector simulation. An MLM matching algorithm with a kx jet clustering 
scheme was used to prevent double counting of final states. A more thorough discussion 
on the details of this background can be found in ^5] (see also [37] for discussions on 
SM background for 2 — )■ A^ processes). For LHC-7 event analysis we used a modified 
version of Parvicursor [43j. Further the sparticle decays of the models are calculated using 
SUSY-HIT |19] before being simulated at the LHC. We note in passing, that there are cases 
where the variations in the gluino mass are observed between Sof tSUSY |50] and SuSpect [36] 
at the level of ~ (5 — 10)%, for the same soft breaking inputs at the high scale due to different 
approaches in the simulations of the sparticle spectra. 

A portion of the models in the CDF signal region are close to being visible to both 
the LHC-7 and dark matter direct detection experiments. To illustrate this point, we begin 
with models that have neutralino mass and neutralino-proton spin independent cross-section 
close to the XENON-100 limit, and the present LHC-7 limit. We investigate signatures that 
could lead to visibility at LHC-7 with 5 fb~^ of integrated luminosity using two benchmark 
models. The benchmarks are chosen from our large set of models that provide a prediction 
for Br{Bg -^ yW^/^") that fall within the CDF signal region, as discussed in Sec. (II) including 
the most recently reported LHC bounds at 165 pb~ |21] . One of these is a Higgs pole model. 
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TABLE I: Exhibition of the selected sparticle masses of two benchmarks as well as the model 
parameters. These benchmarks were generated in micrOMEGAs [48] using SuSpect [36] for the 
RGEs with m\^^ = 173.1 GeV and sgn^ > 0. All masses are given in units of GeV. These models 
pass all constraints including LHC-7, XENON-100 and the CDF result on Br{B^^ -> /U+^-). 



which will be referred to as Model 1, and the other is a stau NLSP model, which will be 
referred to as Model 2. For each model, the mSUGRA parameters and a few selected masses 
are shown in Table [Tj Further, we give the neutralino-proton spin independent cross-sections 
which indicate that these two benchmarks will soon be in the sensitive region of dark matter 
direct detection experiments. 

We follow similar preselection requirements that ATLAS reports in [51]. Jet candidates 
must have p^ > 20 GeV and |?7| < 4.9 and electron candidates must have pt > 10 GeV 
and \r]\ < 2.47. Events are vetoed if a "medium" electron |51j is in the electromag- 
netic calorimeter transition region, 1.37 < \r]\ < 1.52. Muon candidates must have 
Pt > 10 GeV and \ri\ < 2.4. Further, jet candidates are discarded if they are within 
Ai? = a/(A?7)2 + (A(/))^ = 0.2 of an electron or muon. Photon candidates must have 
Pt > 10 GeV and \ri\ < 2.37. For the analysis, the (reconstructed) missing energy, ^j., for 
an event is the negated vector sum of the pt of all the jet and lepton candidates. As a 
preselection criterion we require that events have ^t > 60 GeV. 

For the remainder of the event analysis, all objects are ordered by momentum and when 
referring to different cuts we define cuts on "selected" objects, i.e. jets or leptons, to mean 
that the "selected" objects candidate has bare minimum number of these objects. In an event 
selected lepton candidates are required to have pt > 20 GeV and all selected jet candidates 
must have \ri\ < 2.5 and pt > 30 GeV. Further, events are rejected if the missing energy 
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points along the same direction as any of the selected jets., i.e. we require A</) (jj, _^y) > 0.4, 
where i is over the "selected" jets. Events are required to have no photon candidates and 
^rp > 150 GeV. To prevent contamination from fake missing energy, which could arise from 
a visible object failing selection criteria, we require that the reconstructed missing energy 
and the missing energy in the calorimeter, ^j. , satisfy Rmiss = $t/ $t < 1-25. We also 
define the effective mass, Mgfj, and Ht to be 

M,s (n, , n,) = J2pt Ui) + ^Pt (4) + $t (12) 

i=l k=l 

Ht {rij, m) = Meff {nj,ni) - $t , (13) 

where rij {ne) are the number of selected jets (leptons). Note in the case that rij = ot rii = 
that the sum over the given object is omitted. Taking into account the above definitions and 
criteria we design three signals to probe the large gg and Xi X2 production (Ref. 1 of |38j ) 
of the Higgs pole model (Model 1) as well as the large tau production in the stau model 
(Model 2). This leads us to investigate the following signals for the benchmarks: 

Signal 1 : n{i) = 0, n{j) > 4, pr (ji) > 100 GeV, pr (J4) > 40 GeV 

Signal 2 : n{£)>2, n (j) > 2, pr (ji) > 100 GeV, Meff(2, 2) > 400 

Signal 3 : n (£) > 2, n (j) > 2, pr (ji) > 100 GeV, $t > 0.2 x M^s{2, 2), Ht{2, 2) > 400 



and we display significance for each model, S/vB, in Table Mat 5 fb~ of integrated lumi- 
nosity. This is where the number of signal (background) events is given by S {B). Despite 
the large significance in Signal 1 for Model 1 our simulations show that the effective cross 
sections for the signal channels in the ATLAS lepton searches at 35 pb~^ [20] and at 
165 pb~^ [21] are consistent with their reported bounds. Explicitly we find in the AT- 
LAS lepton search at 165 pb^^ [iST] that Model 1 gives the effective cross-sections 11 fb, 
18 fb and 21 fb in the three signal regions compared to the ATLAS reported 95% C.L. upper 
bounds of 35 fb, 30 fb and 35 fb. 

As can be easily seen from the left panel of Fig.(|4]), there remains many models lying on 
the Higgs pole (discussed above) that pass all constraints, including XENON-100, LHC-7 
and CDF Br{B'^ — )• jX^jj,'). As recently pointed out, and studied in detail, the Higgs-pole 
models within the minimal unified model of soft breaking leads to a spectrum with a rather 
low mass gluino whose mass range is constrained to be about 400 GeV to 600 GeV and if 
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TABLE II: Exhibition of the significance for each model of Table |I] at LHC-7 for an integrated 
luminosity of 5 fb^ of data for the cuts stated in the text. Under these designed cuts these models 
can be probed in the next round of data, even the Higgs pole models where tjiq is large. These 
models are consistent with the limits reported by the ATLAS lepton searches at 35 pb~ |20j 
and at 165 pb~^ 
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FIG. 5: Signature analysis of Model 1 consistent with all constraints including constraints from 
LHC-7, XENON-100, and the CDF result on Br{B^ -> /^^/^~)- Left: A distribution of the effective 
mass, Meff (4, 0), in 45 GeV bins for 5 fb^"*^ of integrated luminosity at LHC with ^/s = 7 TeV using 
Signal 1 described in the text. Exhibited is the signal plus SM background compared to the SM 
background. Right: An exhibition of the number of opposite sign same flavor (OSSF) dileptonic 
events for the same model point as in the left panel in 10 GeV bins at 5 fb^^ of integrated luminosity 
using Signal 2 as described in the text. The dark region is the SM background and the white region 
is the sum of the background plus signal. 

present, its signatures in jets, missing energy and dileptons must manifest at the LHC as 
seen in Ref. 1 of [38] . 

To illustrate this point we have displayed the effective mass, Meflf(4, 0), and the opposite 
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sign same flavor (OSSF) dilepton distributions for Model 1 under Signal 1 and Signal 2 
in Fig.(|5]). Since the Higgs pole model mass spectrum corresponds to heavy squarks, the 
gluino mass can remain light in accordance with the LHC limits once one can establish a 
relationship between the effective mass and the gluino mass as shown in Ref. 1 of 138]. In the 
left panel a clear excess can be seen with a peak at about 630 GeV, which is consistent with 
the gluino mass relationship shown in Ref. 1 of [3_8J . The Higgs pole region also corresponds 
to a neutralino mass near 50 GeV and it populates a region in the neutralino mass-crgi plane 
where the XENON detector is most sensitive pHl ISH] . Using the scaling properties among 
the gaugino masses, i.e. rrig ~ (7 — 8)r?7,^o, one can obtain a neutralino mass from the OSSF 
dilepton invariant mass distribution. As seen in the right panel we begin to see an edge 
forming with 5 fb~ of integrated luminosity at 55 GeV, which is in agreement with the 
expected sparticle mass difference. 

IV. NON-UNIVERSALITIES IN THE GAUGINO AND HIGGS SECTORS 

Our analysis thus far has been in the framework of using universal boundary condi- 
tions for the soft parameters at the GUT scale. However, the nature of physics at the 
Planck scale is not fully understood and thus one may consider boundary conditions at the 
unification scale which are non-universal, but consistent with REWSB, FCNC constraints, 
and the other relevant constraints discussed in Sec. (II). For the gaugino sector we assume 
non-universalities in the gaugino masses so that rhi = 7711/2(1 + Si'),i = 1,2,3 where 6f 
parameterize the deviations from non-universality and i = 1,2,3 correspond to the U{1), 
SU{2) and SU{3) elements of the standard model gauge group. The Higgs sector too may 
have non-universalities so that the soft Higgs boson masses at the GUT scale may be pa- 
rameterized as follows: rriH^ = mo(l + Sh^), and 171^^ = mQ^l + ShJ, where Hu gives mass 
to the up quarks and Hd gives mass to the down quarks and the leptons. 

An analysis of the CDF constraint of Eq.([3]) including non-universalities is given in 
Fig. ([6]). The left panel of Fig. ([6]) gives the analysis for the case of gaugino mass non- 
universalities which has all the constraints including the LHC-7, XENON-100 and CDF 
limits constraints of Eq.([3]). A comparison of Fig. ([6]) with Fig.(|4]) shows that some areas 
depleted for the mSUGRA case are now re-populated. Further, one finds that there arise 
new NSLPs in the landscape which are cr and g not present for the mSUGRA case (see 
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FIG. 6: Exhibited here are cases of SUGRA with non- universal boundary conditions on the gaugino 
sector (left) and the Higgs sector (right) with initial scan allowing the Aq/itio range (—10, 10) and 
tan/3 range (1,60). In each case, the models presented satisfy limits from LEP, WMAP, FCNC 
data, and XENON-100, as well as the new GDF 90% C.L. Br{B^ -^ /^+/W") double-sided limit. We 
readily see that the introduction of non-universalities in the gaugino sector presents models with 
new NLSP cases from mSUGRA, as we see models with g and cr NLSPs. 



for a dedicated study of the ^NLSP class of models in SUGRA, first uncovered in [TB]). 
Further as was previously shown in Ref. 1 of |39j, the region excluded by the LHC-7 data 
for mSUGRA is repopulated. The analysis including non-universalities in the Higgs sector 
is exhibited in the right panel of Fig.(|6]). Here the differences from the mSUGRA case are 
less dramatic. One does not find new NSLPs. Also repopulation of the depleted area is 
relatively smaller compared to gaugino universality case and the repopulated region does 
not extend into the area excluded by LHC-7. 



V. CONCLUSION 

The recent CDF results indicate the first observation of a 5^ — t- /U^/U^ signal. In this 
work we have carried out an analysis under the combined constraints of the recent LHC-7 
data, the constraints from the 2011 XENON-100 data on the neutralino-proton spin inde- 
pendent cross-section and the CDF two-sided constraint on Br{B^ — t- fi^fi^). The analysis 
reveals that within the mSUGRA parameter space remaining after all the constraints are 
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imposed the NLSP is mostly either chargino, stau, CP even or odd Higgs boson, or more 
infrequently, a stop. The limits on the stop and stau masses arising solely from the CDF 
90% C.L. limit on Br{B'^ — )• /U+/i^) is also exhibited. It is pointed out that the CDF result 
imposes upper limit on sparticle masses. An analysis of signatures of benchmarks which are 
accessible at the LHC-7 is also carried out. The CDF results, if supported by further data 
by LHCb as well as DO, would be a harbinger for the early discovery of sparticles at the LHC. 

After this work was done, a paper on the analysis of B^ — )■ fi'^ii~ appeared in [5lj which 
has some overlap with this work. 
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